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Introduction
The organometallic chemistry of N-heterocyclic carbene (NHC) complexes can be traced back to 1915, when Chugaev reported the reaction products of K 2 PtCl 4 with hydrazine and methylisocyanide, which in the 1970s were confirmed as platinum complexes of non-cyclic Nstabilized carbene ligands [1] . Later the discoveries by Wanzlick [2] and Öfele [3] and the isolation of imidazolylidene-type N-heterocyclic carbenes (NHCs) by Arduengo [4] established carbenes as one of the most versatile ligand families in organometallic chemistry [5, 6, 7, 8] . Carbene complexes of silver have found widespread applications in synthetic chemistry as carbene transfer agents [9, 10] , in medicinal chemistry as antimicrobial and antitumor agents [11] , in catalysis [12] , and as luminescent materials for potential applications in organic light-emitting diodes (OLEDs) [13, 14] .
We have recently shown that cyclic (alkyl)(amino)carbene (CAAC) complexes of copper and gold show strong photoluminescence, with solid-state quantum yields of up to 96% [15, 16] . We report here the syntheses, structures, reactivity and photoluminescence behavior of silver complexes with CAAC ligands with different degrees of steric hindrance, Me2 L, Et2 L, and Ad L (Chart I). (2) , which was prepared from silver triflate with two equivalents of Me2 L in 92% yield. By contrast, Et2 L and Ad L provide only the desired 1:1 silver complexes ( Et2 L)AgCl (3) and ( Ad L)AgX (X = Cl (4); Br (5); I (6)) in high yields. 
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M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT ( Me L)AgCl + [( Me L) 2 Ag]AgCl 2 AgX Me2 L Et L >2 Me2 L X = OTf [( Me L) 2 Ag] + OTf - 2 X = Cl Br I X = Cl ( Et L)AgCl 3 ( Ad L)AgX, X =
Structures
Crystals of the silver halides suitable for X-ray diffraction were obtained by layering of CH 2 Cl 2 solutions with hexane. Neutral compounds (1, 4-6) and the cation of the bis-carbene complex (2) are monomeric and show an almost linear geometry for the C-Ag-X moieties, with C1-Ag1-Cl1 angles approaching 180° (Figures 1 and 2 ). The carbene C-Ag and Ag-Hal(1) bond lengths show negligible deviations of 0.01 Å from various other monomeric complexes reported in the literature [18, 21] . Complexes 4 and 5 possess two independent molecules in the unit cell (see SI, Figure S1 ). Only weak intermolecular C-H···Hal interactions were identified. There were no signs for the close metal-metal contacts in the crystal structures of monomeric complexes 1, 2, 4-6. respectively. The bridging Ag-Cl1A bond length falls in the range of 2.798-2.869 Å reported for the similar dimeric structures [22] . The Ag(1)···Ag(1A) distance in 3 is 3.500(3) Å, rather longer than the sum of the van der Waals radii of 3.44 Å for Ag(I) [23] . (5), Cl1-Ag1-Cl1A 88.368 (18) . Symmetry code (A): -x + 1/2, -y + 3/2, z.
Photophysical Properties.
We have shown recently that both the free Ad L ligands and their coinage metal complexes show pronounced photoluminescence (PL) [15] . Figure 4 shows the UV and PL spectra of Me2 L and Et2 L. The UV spectra of Me2 L and Et2 L show a π-π* absorption at ~260 nm, accompanied by a lowintensity trail to about 400 nm. The free ligands are only weakly emissive at room temperature but
show notable luminescence at 77K, with unstructured emissions at 452 and 435 nm for Me2 L and Et2 L, respectively, and lifetimes of around 12 ns. On complexation of the carbenes to AgCl, the low-energy absorption band near 300 nm is red- Figure 5 and S2, Table 1 ).
Comparison of the UV-Vis spectrum of free carbenes with those of the silver halide complexes shows that this band is affected by the silver and halide atoms. In analogy to the spectra of ( Ad L)MX (M = Cu or Au; X = Cl, Br, I) [15] , this low energy band is assigned to (σ + X)-π* charge transfer
[24] from the metal-halide bond to the LUMO, which has metal-carbene π* character [15, 16] .
Within the series ( Ad L)AgX (X = Cl, Br, I) the UV absorption is essentially insensitive to the nature of X. The UV/vis spectrum of the bis(carbene) compound [( Me2 L) 2 Ag]OTf (2) shows a broad π-π* band at 285 nm ( Figure S2 , ESI).
In contrast to the strong luminescence of copper CAAC complexes, the Me2 L silver complexes 1 and 2 are non-emissive. On excitation at 340 -360 nm, the Et2 L and Ad L complexes 3-6 display featureless blue emissions, ranging from 390 to 600 nm, with λ max around 430 -440 nm ( Figure 5 ), a blue-shift of about 20 nm compared to the analogous ( Ad L)CuX complexes [15] . The emission
wavelengths are slightly halide-dependent and increase by ca. 5 nm in the sequence X = Cl > Br > I ( 
The emission spectra show biexponential decay, with components in both the nanosecond and microsecond region ( Figure 5 , Table 1 ). Careful comparison of photophysical properties for complexes 3-6 with those of free carbenes Me2 L, Et2 L and Ad L, as well as the observed photostability of (CAAC)AgX complexes, allows us to rule out the formation of free carbene as the source of fluorescence. By comparison, the emissions of the analogous ( Ad L)CuX complexes showed a strong prompt fluorescence on a sub-nanosecond time scale [25] . Further studies will be aimed at elucidating the nature of the fast and slow emission pathways in silver complexes in comparison to copper.
Conclusion
The reaction between free cyclic(alkyl) (amino) 
Experimental

General considerations
Unless stated otherwise all reactions were carried out in air. Solvents were distilled and dried as required. 
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was added, and the resulting suspension was stirred overnight. After removal of the solvent, the residue was washed with hexane and filtered through a short pad of silica (1.0 cm) with CH 2 Cl 2 . The colourless filtrate was concentrated and hexane was added to precipitate the silver complex. 
Synthesis of ( Et2 L)AgCl (3).
An oven-dried 100-mL Schlenk flask was equipped with a stirring bar and charged with , 7.72; N, 3.07. Found: C, 57.65; H, 7.51; N, 3.11 .
Synthesis of ( Ad L)AgCl (4).
The compound was prepared as described for ( Et2 L)AgCl from Ad L (0.603 g, 1.6 mmol) and AgCl (0.228 g, 1.6 mmol) as a white solid. Yield: 0.781 g (1.5 mmol, 94 %). 1 H NMR (300 MHz, CDCl 3 ): ppm. 13 2, 28.2, 27.6, 27.4, 23.0 (CH 3 ) ppm. Anal. Calcd. for C 27 H 39 NAgI (611.12): C, 52.96; H, 6.42; N, 2.29. Found: C, 52.73; H, 6.15; N, 2.21 . 
Transmetallation with CuCl
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X-ray crystallography
Crystals suitable for X-ray diffraction were obtained by layering CH 2 Cl 2 solutions with hexanes.
Compounds ( Ad L)AgX (X = Cl and Br) crystallize with two independent molecules in the unit cell. Table S1 . The structures were solved by direct methods and refined by the full-matrix least-squares against F 2 in an anisotropic (for non-hydrogen atoms)
approximation. All hydrogen atom positions were refined in isotropic approximation in "riding" model with the U iso (H) parameters equal to 1.2 U eq (C i ), for methyl groups equal to 1.5 U eq (C ii ),
where U(C i ) and U(C ii ) are respectively the equivalent thermal parameters of the carbon atoms to which the corresponding H atoms are bonded. All calculations were performed using the SHELXTL software [28] . were unable to confirm this claim, as well as some the emission data of ( Me2 L)CuX (X = Cl, Br) [16] .
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Highlights
• Facile synthesis of silver complexes of cyclic (alkyl)(amino) carbene (CAAC) ligands is described.
• Surprisingly, ethyl-substituted CAAC leds to the formation of a chloride-bridged dimer.
• Remarkably for silver carbene complexes, the new compounds are stable to light and show no evidence of ligand dissociation.
• The complexes show blue photoluminescence, which is blue-shifted by 20 nm compared to copper analogues.
